The main promise of pharmacogenetics is the individualized therapy, giving the patient a dug selection and dosage in accordance with his genetic profile. This kind of treatment should prevent adverse reactions or treatment failure and provide more effective and safe therapeutics for each person.

Although many polymorphic transporters and receptors have been associated with clinical consequences, drug metabolizing enzymes are the most likely reason for inter-individual variation in drug response.\[[@ref1]\]

Cytochromes P450 (CYP) play a key role in drug response and also in the metabolism of endogenous compounds. Several polymorphisms have been described for these enzymes and their functional consequences may result in a moderate reduction, a lack or an increase of enzymatic activity.

Cardiovascular diseases are the most prevalent cause of death and morbidity in developed countries and excess of cholesterol is a known factor for the progression of cardiovascular events. Cytochromes P450 are involved in cholesterol homeostasis, playing key roles in cholesterol metabolism, either in its synthesis or elimination through biosynthesis of bile acids, the main products of cholesterol catabolism.\[[@ref2]\] Besides the role of CYPs in the homeostasis of endogenous substrates, these enzymes may be of crucial importance in the metabolism of drugs used to treat cardiovascular diseases.\[[@ref3]\] The cholesterol lowering drugs in use are mainly 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins), fibrates, ezetimibe and bile acid binding resins that act in reducing the levels of cholesterol by different pathways.\[[@ref4]\]

Clinically relevant drugs are transported and metabolized by polymorphic proteins. Some of these single nucleotide polymorphisms (SNPs) are associated with altered function of the protein.\[[@ref5][@ref6]\]

Cholesterol 7α-hydroxylase (CYP7A1) is the rate-limiting enzyme in the classical pathway for the synthesis of bile acids and its activity is highly variable among healthy individuals.\[[@ref7]\] CYP7A1 is highly regulated by bile acids via Farnesoid X Receptor (FXR).\[[@ref8]\] It has narrow substrate specificity for cholesterol, which makes this gene an important candidate in disorders of cholesterol and bile acid metabolism. In fact, some polymorphisms of CYP7A1 have been associated with gallstone disease and familiar hypertriglyceridemia\[[@ref9]--[@ref11]\] and recently were associated with increased plasma low density lipoprotein (LDL)-cholesterol concentrations.\[[@ref12]\]

Sterol 27-hydroxylase (CYP27A1) and oxysterol 7α-hydroxylase (CYP7B1) are involved in bile acid synthesis in the alternative pathway.\[[@ref13]\]

CYP7B1 has high homology with CYP7A1 and it was hypothesized that the main function of this enzyme is the inactivation of oxysterols, protecting the liver from cholestasis.\[[@ref7]\] Mutations in CYP7B1 are related with spastic paraplegia autosomal recessive type 5A (SPG5A), which is a neurodegenerative disorder characterized by a slow, gradual, progressive weakness and spasticity of the lower limbs.\[[@ref14][@ref15]\] Absence of CYP7B1 is the cause of congenital bile acid synthesis defect type 3 (CBAS3), which is characterized by severe cholestasis, cirrhosis and liver synthetic failure.\[[@ref16]\]

CYP27A1 is a ubiquitous enzyme involved in the 27-hydroxylation of cholesterol and in the formation of potentially important regulatory oxysterols,\[[@ref17]\] indicating a potential regulatory role for CYP27A1. Mutations in CYP27A1 were identified in patients with cerebrotendinous xanthomatosis, a rare sterol storage disorder characterized clinically by progressive neurologic dysfunction, premature atherosclerosis and cataracts.\[[@ref18]\]

CYP7A1, CYP27A1 and CYP7B1 are repressed by bile acids via nuclear receptors.\[[@ref19]\]

An evaluation of SNP frequencies among different populations with variable ethnic background will certainly be useful to characterize the changes in drug pharmacokinetics and predict differential susceptibility to possible adverse effects.

In the present study, we examined the allelic frequencies of 12 CYP7A1, CYP27A1 and CYP7B1 SNPs that may have an important role in drug metabolism, in populations from three different ethnic/geographic origins.

Materials and Methods {#sec1-1}
=====================

Subjects {#sec2-1}
--------

The populations under study consisted of 92 Portuguese, 151 Mozambican and 91 Colombian subjects. The populations from Mozambique and Portugal have been described elsewhere.\[[@ref20][@ref21]\] Colombian subjects were from the Northwest region, mainly from Antioquia and Chocó Departments (62 men, 27 women). This study followed the recommendations of the Declaration of Helsinki, promulgated in 1964 (<http://ohsr.od.nih.gov/helsinki.php3>). Genomic DNA was extracted from whole peripheral blood using the Qiamp DNA Extraction Kit (Qiagen, Hilden, Germany) or Chelex (BioRad, Berkeley, USA) according to the manufacturer\'s protocols.

Pharmacogenetic analysis of polymorphic variants {#sec2-2}
------------------------------------------------

Each of the 12 SNPs analyzed in CYP7A1, CYP7B1 and CYP27A1 (NC_000008.10, NC_000008.10 and NC_000002.11, respectively) were identified by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assays. [Table 1](#T1){ref-type="table"} lists the primers employed in performing PCR for the analyzed SNPs.

###### 

Primers used in polymerase chain reaction

![](JPBS-3-453-g001)

Genomic DNA was added to PCR mixtures of 25 *μ*l consisting of 1 × PCR buffer, 1--4 mM MgCl~2~ (Promega, Wisconsin, USA), 0.2 mM dNTPs (Promega, Wisconsin, USA), and 1.5 U of Go *Taq* polymerase (Promega, Wisconsin, USA). PCR amplifications were conducted (Tpersonal Themocycler, Biometra, Göttingen, Germany) using one denaturation step at 94°C for 2 min, followed by 30--35 cycles of 94°C for 30 s, 40--55°C for 30 s and 72°C for 1 min and a final PCR extension of 3 mins at 72°C.

After amplification by PCR, genotype assignment was performed by digestion of amplification products with specific restriction endonucleases \[[Table 2](#T2){ref-type="table"}\], separation by electrophoresis on 8% or 10% (W/V) polyacrylamide gels and visualized with ethidium bromide staining under UV light (AlphaImager, AlphaInnotech, San Leandro, USA).

###### 

Restriction endonucleases used in PCR-RFLP
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Statistical analysis {#sec2-3}
--------------------

Fisher\'s exact test was used to assess Hardy--Weinberg equilibrium. Statistical analyses were performed using the Student\'s *t*-test and the analysis of variance (ANOVA) one-way test.

All analyses were performed using the Primer software.

Results {#sec1-2}
=======

A total of 12 CYP7A1, CYP7B1 and CYP27A1 genetic variants were genotyped in a sample of 92 Portuguese, 151 Mozambican and 91 Colombian subjects \[[Figure 1](#F1){ref-type="fig"}\]. The allelic frequencies of CYP7A1, CYP7B1 and CYP27 in different ethnic groups are shown in [Table 3](#T3){ref-type="table"} and in Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}.

###### 

CYP7A1, CYP7B1 and CYP27A1 allelic frequencies (%) in subjects of different ethnic groups
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The variants N233S (CYP7A1) and 1774C\>T (CYP7B1) were not detected between the individuals analyzed from Portugal, Mozambique and Colombia. In contrast, the CYP7A1 promoter variants had a high frequency between the three populations studied. While the frequencies for the --203C\>T and --496C\>T variants were similar between the three populations, the --346C\>T variant was significantly lower for the population of Mozambique (*P* \< 0.001) compared with Portuguese and Colombian individuals. The frequency of G347S was similar between individuals from different ethnic backgrounds, but with a low allele frequency (0.5% for Portuguese and Colombian and 2.3% for Mozambican individuals).

For CYP27A1, the variants R164W, A169V and V400A had a low allelic frequency for the populations studied. The variant D273N was significantly more prevalent in Mozambican (14.6%; *P* \< 0.001) and Colombian (17%; *P* \< 0.001) individuals than in the Portuguese (1.6%) population.

For CYP7B1, the variant --116C\>G had a low frequency in Portuguese (4.3%) and Colombian (3.3%) individuals, but had a higher frequency among Mozambicans (14.9%; *P* \< 0.001). The variant R324H had low frequency between Portuguese (3.8%) and Colombian (4.9%) populations, but was not found in Mozambican (0%; *P* \< 0.001) individuals.

None of the genetic variants showed any significant deviation from Hardy--Weinberg equilibrium.

Discussion {#sec1-3}
==========

Drug metabolizing enzymes play a key role in cholesterol metabolism and may be important in the metabolism of some lipid-lowering drugs such as some statins. Although influx and efflux transporters are important for the disposition and efficacy of many drugs, CYP enzymes are important contributors for inter-individual variation in drug response.

As the response to a large range of drugs is highly variable, pharmacogenetic diversity may in part contribute to this variability, being important in the context of therapeutic efficacy and safety. An evaluation of SNP frequencies among different populations with variable ethnic background will certainly be useful to characterize the changes in drug pharmacokinetics and predict differential susceptibility to possible adverse effects.

Except for the polymorphism of --203A\>C (CYP7A1) and some variations of CYP27A1 found in some patients with cerebrotendinous xanthomatosis, there is not much information about CYP7A1, CYP27A1 and CYP7B1 polymorphisms. However, these enzymes are extremely important in bile acid synthesis and their accumulation in the organism has harmful consequences for individual health. So, it is important not only to know the genetic background of populations from different origins, but also to determine the functional consequences of these genetic variants for the enzyme activity.

We analyzed the frequencies of 12 SNPs in three CYP enzymes in individuals from Portugal, Mozambique and Colombia. From these SNPs, CYP7A1 N233S and CYP7B1 1774C\>T were not detected in any of the three populations in the study.

The variant N233S of the CYP7A1 is localized in exon 3 and CYP7B1 1774C\>T is localized in exon 6, 3'-downstream region. The absence of these SNPs in the populations analyzed may indicate that these mutations are localized in conservative regions of the gene and their substitution may lead to non-functional proteins.

The allelic frequency for CYP7A1 --203A\>C among Caucasians ranges from 36.7 to 48%.\[[@ref22]--[@ref27]\] The estimate of 41.8% found in Portugal is in the range for a European/Caucasian population. The allelic frequency obtained for Mozambicans (52.6%) is lower than that reported by Nakamoto *et al*. for an African (58.3%) or an Afro-American (58%) population, and the frequency for Colombians (40.7%) is significantly higher than that for a Mexican-American (24%) population.\[[@ref27]\] This discrepancy may be caused by differences in sample sizes between these two studies, but the most probable cause is the origin of the samples. Africa has different ethnic groups in accordance with the geographic localization. The African subjects analyzed by Nakamoto *et al*. were from Yoruba of Ibadan, Nigeria, localized in Guinea Golf, West coast, while the individuals analyzed in this study were from Mozambique, localized in East coast of Africa, which can explain the allelic frequencies observed. The high frequency determined in Colombians is consistent with the European (Spanish) ancestry of a wide percentage of the population.

CYP7A1 --203A\>C was associated with LDL-cholesterol\[[@ref12]\] and in patients with hypercholesterolemia, --203A\>C was associated with LDL-lowering response,\[[@ref24]\] as was observed after treatment with statin therapy.\[[@ref28]\] Therefore, this SNP contributes to the efficiency of statin treatment. Recently, this SNP was also positively associated with subclinical atherosclerosis in healthy postmenopausal women\[[@ref29]\] and it was considered a genetic risk factor for gallbladder carcinoma, but with a modest contribution in the susceptibility to gallstone disease.\[[@ref30]\]

The allelic frequencies obtained for CYP7A1 --496C\>T were high but similar between the three populations studied. The results obtained for Portugal (36.9%) and for Mozambique (50%) are in agreement with the previous reports for a Caucasian (36.7%) and African (55%) population, respectively.\[[@ref27]\]

The allelic frequency of CYP7A1 --346C\>T was high for the three populations studied, but significantly lower for the population from Mozambique (13.9%; *P* \< 0.001).

The allelic frequency obtained for CYP7B1 --116C\>G (4.3%) in Portuguese is in agreement with the frequencies obtained by Jakobsson *et al*. for a Swedish population (4.04%).\[[@ref31]\] In the population of Mozambique, the allelic frequency (14.9%) was significantly higher than that observed for the populations of Portugal and Colombia (3.3%). However, reports on the populations from these geographic points are not found in the literature for comparison.

The genetic variants --203C\>A, --346C\>T and --496C\>T are localized in the promoter region of the CYP7A1 gene, and therefore, it is much likely that these polymorphisms have functional significance. In fact, studies on the promoter region of CYP7A1 revealed several cell-specific enhancer elements\[[@ref32]\] and in another study, the deletion of this region in HepG2 cells resulted in a 2.5-fold increase of basal promoter activity and this segment bound a negative regulatory protein of HepG2 cells.\[[@ref33]\] These results suggest that polymorphisms in CYP7A1 promoter region may modulate transcriptional activity and consequently the rate of cholesterol catabolism and its flux through the body.

CYP7B1 --116C\>G is localized in the promoter region of the gene and it was found to be associated with an altered promoter activity.\[[@ref31]\] Besides, this polymorphism was considered ethnic-dependent since significant differences in allele frequencies were observed for populations with distinct geographic localization,\[[@ref31]\] which is in agreement with our observations.

To the best of our knowledge, this is the first description of several polymorphisms analyzed in this study, namely CYP7A1 (--346C\>T, N233S, G347S), CYP27A1 (R164W, A169V, D273N, V400A), CYP7B1 (R324H, 1774C\>T).

CYP7A1 G347S and CYP27A1 R164W, A169V and V400A were rare, with similar allelic distribution among populations.

The polymorphism G347S is localized in exon 4 of CYP7A1. Gly (G) is an important amino acid for proper folding of the protein and is known to be a helix breaker and folding blocker of proteins. Hence, the substitution of a glycine in the protein can lead to conformational changes of CYP7A1.

The allelic frequency of CYP27 D273N for the Portuguese population (6.5%) was significantly lower than that observed for Mozambique (14.6%) and Colombia (17%) populations and it represents the only polymorphism in this study, with a distribution significantly different from the Portuguese population.

The variants R164W and A169V are localized in exon 3, while the variants D273N and V400A are localized in exon 4 of CYP27A1. The variants R164W and A169V appear to be located in C-helix α, which is involved in conformational structure of the protein.\[[@ref34]\] Arg residues (R) play important roles in proper folding of proteins as they can form salt bridges with Asp (D) and Glu (E) residues to stabilize the tertiary structure of proteins and, as these polymorphisms are near to conservative amino acids, with important functions in folding and stabilization of the conformational structure of the protein, these genetic variations may be important in predicting the correct folding of CYP27A1. In fact, more than 70% of the mutations reported in cerebrotendinous xanthomatosis are Arg, Gly or Pro polymorphisms, suggesting that these patients have conformational CYP27A1 changes.

D273N appears to be located on the third substrate recognition site and V400A in the fifth substrate recognition site sheet β1--4, which is involved in heme binding.\[[@ref34]\] These sites are very important for the functionality of CYP27A1, and although the polymorphisms do not lead to substitutions of very different amino acids, the low frequency found for these SNPs suggests that they are localized in semi-conservative regions.

Alterations in protein amino acids can lead to complete loss of its folding and, consequently, its structure, which can have drastic effects such as the elimination of enzyme active sites, creation of new binding sites or general dysfunction.

The allelic frequency for CYP7B1 R324H was similar between Portuguese (3.8%) and Colombian (3.3%) populations, but significantly different from Mozambican (*P* \< 0.001) population, where the polymorphism was not found.

The genetic variant R324H is localized in exon 4 of CYP7B1. The low allelic frequency observed for this SNP may be explained by the fact that Arg (R) is involved in proper folding of proteins and can form salt bridges with Asp and Glu residues to stabilize the tertiary structure of the protein.

While polymorphisms in the promoter region can modify the degree of gene expression, polymorphisms in the coding region may have a direct effect on enzymatic activity, altering drug pharmacokinetics.

Considering Africans, Asians and Europeans as major population groups, it is becoming more documented that there is a clear genetic variation among these populations, with the main reason attributed to the early evolutionary history of human origins in Africa and subsequent expansion throughout the world.\[[@ref35]\] The location of African population analyzed in this study, Mozambique, was a Portuguese colony in the late 15th century, and some admixture between Mozambicans and Portuguese was expected. However, studies performed in the Mozambican population only detected, in the male gene pool, a small fraction of lineages from European origin.\[[@ref36]\] Therefore, although the Iberian Peninsula was under Muslim influence for centuries, DNA analysis shows that that the Portuguese population is closely related to other populations of Western Europe.\[[@ref35][@ref37]\] According to Dupanloup *et al*., an earlier European-wide study had pointed to a small North African and Arab element in modern day Iberian ancestry when compared to the pre-Islamic ancestral basis, and the Gibraltar Strait seems to have functioned much more as a genetic barrier than a bridge.\[[@ref35]\] The genetic background of the Colombian population is considered a mixture of Spanish and native individuals, with prevalence of European ancestry of today\'s population.\[[@ref38]\] Our results suggest genetic similarities of all polymorphisms studied (except for CYP27A1 D273N) between Portuguese and Colombian populations, but major differences in SNP frequencies between Portuguese/Colombian and Mozambican populations. These results demonstrate that analyses of populations from different ethnic backgrounds are essential for obtaining adequate results in genotype/phenotype correlation studies and to predict differential susceptibility to possible adverse effects.

Pharmacogenetics constitutes the most important part of future molecular medicine. For this, molecular diagnostics along with molecular specified drug therapy will allow a safer and more efficient treatment.

We consider CYP7A1, CYP27A1 and CYP7B1 as good candidates for pharmacogenetic analysis of cholesterol-lowering therapy since these CYP enzymes play key roles in cholesterol homeostasis, and genetic variations in these genes most likely have a great impact on total body lipid metabolism. The characterization of variants in these genes among individuals from distinct geographic backgrounds will allow the development of new, more effective and safer drugs for each person. An evaluation of SNP frequencies among different populations with variable ethnic background will certainly be useful to characterize the changes in drug pharmacokinetics and predict differential susceptibility to possible adverse effects.
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